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Motivation —why lookat B> n lvy ?

O [virtual and ] will soon become an
Issue at B factories for several channels =

need theoretical input to test/improve MC simulations

www.slac.stanford.edu/BFROOT/www/Public/
Organization/2005/workshops/radcorr2005/index.html

m |n kinematical region of hard v and soft 7 we can make
predictions combining SCET + ChPT: interesting on its own !

m In this talk:
=» present factorization formula — sketch proof
=> phenomenology: BR[cuts], distributionsin E and 6,
(including comparison with simplified MC treatments)
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Amplitude decomposition — form factors
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Amplitude decomposition — form factors
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V. ,and A, ,are functions of 3 variables: use W?, E_, E,
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What do we know about the amplitude?

mlarge W2 & E ,E << AXSB - Heavy Hadron

m: < W* < (Mg — M, )
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m
What do we know about the amplitude?

mlarge W2 & E ,E << AXSB - Heavy Hadron ChPT
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Hierarchy of scales leads to factorized form of amplitude
Q ~ {_E’y; '?’T?,-b} >> A ~ {E‘,ﬂ,:I AQGD}

A(B — mlvy) = |H- J|'§__<r-|S(B - ?T)|—|— O(A/Q)
—
Perturbatively “Soft” matrix element of bi-local operator

calculable Use HHChPT to relate it to B-meson LCDA
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Factorization |

To leading order in &y and A/() , B — w/lv~y is mediated by
Yig.2)

q = n.E..I 1"\
E,>=A \
4
£~ A ! - R

ulf + q) u(l)

(q+£)° ~2E,(n-f) ~QA > A* = Integrate out hard-collinear light quark

T,,) ~ ie, @l B/ 200 b( Dependence on light-cone projection of { =
i) ~ e ull) (Py) EFT involves bi-local light-cone operators
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Factorization |

To leading order in &y and A/() , B — w/lv~y is mediated by
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Factorization |l

Proof to all orders in &s > Use Soft-Collinear Effective Theory (SCET)

Bauer, Fleming, Pirjol, Stewart; Beneke et al; Neubert-Hill

_ o Sachrajda, Descotes-Genon
Same steps asin B — ¢vy factorization Lunghi, Pirjol, Wyler
l Bosh, Hill, Lange, Neubert

4T, () — —C¥ e, / dwj(w[qgm FC+ O D, / de(w

dt _, o
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T

CY(E,) and J(w) are knownto O«




" A
The soft matrix elements

m Above relation valid for any B — M..s«fvy (derived at operator level)

m [f M=z can calculate matrix element using HHChPT, which incorporates

heavy quark symmetry and chiral symmetry Burdman, Donoghue
Wise



" A
The soft matrix elements

m Above relation valid for any B — M..s«fvy (derived at operator level)

m [f M=z can calculate matrix element using HHChPT, which incorporates

heavy quark symmetry and chiral symmetry Burdman, Donoghue
Wise
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Chiral symmetry U(L.R.M) e SU(3) HQ spin symmetry

¢ — LU = UERY H, — HbU;ﬁ H — SH
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m Leading order chiral realization of bi-local operator ~ (3,.1p)

Ot w) = [

ar(w)

é
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Hy=—-H - onlytwo
independent functions
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m Leading order chiral realization of bi-local operator ~ (3,.1p)

tdt .
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ar(w)|=ay + ayp + azp + ém[d: 7]

Hy=—-H - onlytwo
independent functions

m Take B - vacuum matrix element + use definition of B-meson LCDA

ap(w) = —fB\/”TB[ +

dt
2

e~ ™ (0]gs(nt)S, (nt,0)b(0)| B(v)) = _imeB {

1
ji

To LO in low energy expansion B - & matrix elements

fixed in terms of B-meson LCDA !!




Factorization result
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Non-perturbative B meson dynamics

. Vi, Aq
appears through the convolution:

(] dw J(w) 6% ()
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Phenomenology (B° — mte 7.

m Simplified analysis: neglect O(«.) corrections to C and J(w)

o (200 + 30) MeV I 131 MeV
= Input: (350 4 150) MeV q 0.5+ 0.1
Vo 0.004

L
— / dw gbBiwj induces largest uncertainty
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Phenomenology (5" — w*e 7v.)

m Simplified analysis:

m |nput:

m BR output:

[ a oh(w)

e

| Vb |

(350 & 150) MeV p 0.5+ 0.1
0.004

)

Induces largest uncertainty

/_\Low’s theorem

cuts

10° Br(fact)  10° B(IBL) 10° Bg(IB2)) extrapolated
N—"

E, >1GeV
E. < 0.5 GeV
He*‘:,- ::-:" 5.:::-

\1 (PHOTOS)
@ 2.4 2.8 Point-like B

(Ginsberq)




" A ]
Phenomenology (B° — mte 7.

m Simplified analysis:
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= Differential distributions in E, and cos(6,,)

I' = 10°T.) x (B — mwev~)

BO
Fr < 0.5 GeV ey = 57 Fr < 0.5 GeV Fy =1 GeV
20¢ - 2.5}
5_ 15=200 MeV _ § 15=200 MeV
Lol B2 _ '
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m BR + distributions show strong sensitivity to Az = in the future can

obtain constraints on Ag from this process (but need to assess size of
chiral and O(ag) corrections)



=
Conclusions

O In the region of hard v and soft «

O calculate
B = & predicted in terms of B meson LCDA

=» Factorization predictions for BR, spectrum, etc quite
different from other methods on the market (PHOTOS,
Ginsberg) = possibility to improve present Monte Carlo

=» Strong sensitivity to Az = possibility to constrain it
fromB-> nlvy



